We directly resolve energy transfer pathways from electrons to magnons in multiferroic HoMnO 3 using ultrafast optical/terahertz spectroscopy. This reveals that energy is initially transferred from electrons to phonons and subsequently to magnons through spin-lattice relaxation. Rare earth manganites, such as HoMnO 3 , exhibit coupled ferroelectricity (FE) and antiferromagnetism (AFM) (for HoMnO 3 , T N (AFM)= 78 K and T c (FE) = 875 K) [1] . Their complex magnetic structure and multiferroicity make this class of materials both fundamentally interesting and potentially useful for practical applications involving four-state memory or magnetoelectric switching. Hexagonal rare earth manganites RMnO 3 (R=Ho, Er, Tm, Yb, or Lu) have a 120 • antiferromagnetic order in the ab plane due to frustrated exchange interactions of the Mn 3+ ions, which are arranged in a triangular lattice. This magnetic order leads to antiferromagnetic spin waves, or magnons. The magneticdipole active magnons, lying in the 200 GHz-3 THz frequency range, offer a promising route for both probing and controlling magnetic order on an ultrafast time scale using THz pulses and potentially also for fast magnetoelectric switching. Here, for the first time we directly monitor the ultrafast evolution of AFM order by probing optical-pump induced changes in the transmission of THz pulses around the 1.2 THz magnon mode. Our measurements reveal that photoexcited electrons transfer their energy, via phonons, to the magnons. This mechanism is further supported by all-optical pump-probe measurements.
Secondly, the dynamics show an increase in the THz transmission with an initial fast time scale and a second slower one, also analogous to the ferromagnetic manganites [4] . To shed more light on this, we performed optical-pump, optical-probe experiments on our HoMnO 3 crystal in reflection (data not shown here). From these measurements we identify an initial fast recovery of the signal, due to electron-phonon coupling. Similar to the first component of the OPTP signal in Fig.1(d) , this takes about 1 ps and increases with decreasing temperature. On the other hand, the spin-lattice relaxation times extracted from the all-optical data are quantitatively different from the OPTP data. In particular, there is a peak at the spin reordering transition temperature (40 K in HoMnO 3 ), while the magnon mode does not appear to be influenced by this. However, the spin-lattice relaxation times from the all-optical data are ∼10-20 ps, similar to those shown in Fig.1(e) .
In conclusion, for the first time, we used ultrafast THz spectroscopy to directly resolve the energy transfer pathways from photoexcited electrons to a specific magnon mode. The photoinduced change in the magnon absorption in HoMnO 3 has an initial fast component from lattice heating due to electron-phonon coupling. A second, slower component is due to the loss of magnetic order once the spins and lattice equilibrate. Overall, our measurements demonstrate that the use of THz/mid-infrared pulses to directly probe low energy excitations offers a powerful route to understanding and controlling the couplings between different degrees of freedom in complex materials.
